The objective of this study was to evaluate and compare risk factor patterns in association with preeclampsia and gestational hypertension. The data were collected from The Swedish Medical Birth Register and include all nulliparas aged 34 years or less who gave birth at the University Hospital of Uppsala, Sweden, during 1987Sweden, during -1993. Of these 10,666 women, 4.4% developed gestational hypertension, and 5.2% developed preeclampsia. The following risk factors were significantly associated with increased risk of preeclampsia: type 1 diabetes (odds ratio = 5.58, 95% confidence interval 2.72-11.43), gestational diabetes (odds ratio = 3.11, 95% confidence interval 1.61-6.00), and twin birth (odds ratio = 4.17,95% confidence interval 2.30-7.55). The positive associations between these variables and the risk of gestational hypertension were weaker and nonsignificant. Compared with underweight women (body mass index < 19.8), obese women (body mass index > 29) had increased risks of both gestational hypertension (odds ratio = 4.85, 95% confidence interval 1.97-11.92) and preeclampsia (odds ratio = 5.19, 95% confidence interval 2.35-11.48). Significantly lower risks of preeclampsia and gestational hypertension were observed for women born outside Nordic countries and in association with maternal smoking and summer birth. The similarities in risk factor patterns may indicate similarities in the biologic mechanisms underlying the two conditions. Am J Epidemiol 1998; 147:1062-70. body mass index; diabetes, gestational; hypertension; pregnancy, multiple; pre-eclampsia; risk factors; smoking Pregnancy-induced hypertension, either with proteinuria (preeclampsia) or without proteinuria (gestational hypertension), develops in 2-10 percent of all pregnancies (1-3) and is one of the most important risk factors for maternal and perinatal mortality. Preeclampsia has been associated with intrauterine growth retardation, preterm birth, and maternal and perinatal deaths (4), while the complications associated with gestational hypertension are less frequent and less severe (5, 6).
Pregnancy-induced hypertension, either with proteinuria (preeclampsia) or without proteinuria (gestational hypertension), develops in 2-10 percent of all pregnancies (1) (2) (3) and is one of the most important risk factors for maternal and perinatal mortality. Preeclampsia has been associated with intrauterine growth retardation, preterm birth, and maternal and perinatal deaths (4) , while the complications associated with gestational hypertension are less frequent and less severe (5, 6) .
Comparison of the risk factors for preeclampsia and gestational hypertension may provide insight into the etiologic mechanisms related to these conditions. To date, most epidemiologic and etiologic research has focused on preeclampsia, although maternal smoking and leisure time physical activity have been associated with reduced risks of both preeclampsia and gesta-tional hypertension within the same study base (7, 8) . Using the population-based Swedish Medical Birth Register, we have compared, in a well-defined cohort, maternal and pregnancy characteristics associated with the development of preeclampsia or gestational hypertension.
MATERIALS AND METHODS Description of sample
This study is based on data from the Swedish Medical Birth Register, held by the National Board of Health and Welfare. Starting with the first antenatal visit, information is prospectively collected from all hospital births, including demographic data, previous reproductive history, and complications during pregnancy, delivery, and the neonatal period. The Birth Register contains information about more than 99 percent of all births in Sweden (9) . All births reported to the Birth Register are validated each year against another population register, using the mother's and infant's unique personal identification number. Similarly, the mother's personal identification number was used to link the Birth Register to the Education Register, held by Statistics, Sweden, to obtain information about the mother's level of formal education (10) .
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From 1987 through 1993, the Birth Register recorded births to 28,037 women at the University Hospital of Uppsala, Sweden. This hospital receives all births from women living in Uppsala County (240,000 inhabitants), totaling 3,500-4,000 births per year. For the present study only nulliparous women were included, because the pathophysiology of hypertension during pregnancy differs between parous and nulliparous women (11) . In order to focus on pregnancyinduced hypertension and to minimize the chance of including women with essential hypertension, the study was restricted to women aged 34 years or less (TI = 10,666).
In Sweden more than 95 percent of the pregnant population attend antenatal care before the 15th gestational week. Prenatal care is standardized and free of charge and includes visits every fourth week up to 24 gestational weeks, then every second week to 36 weeks, and weekly thereafter. At each visit, blood pressure is measured and urine is checked for protein using a dip stick. Ninety percent of the pregnant population have at least nine visits to antenatal care, and the mean number of visits is 12 (12) .
Data collection
Maternal age, height, prepregnancy weight, mother' s country of birth, level of education, family situation, smoking, history of infertility, diabetes, single or multiple birth, season of birth, and infant's sex were evaluated as potential risk factors for gestational hypertension or preeclampsia.
Information about maternal height, prepregnancy weight, smoking, family situation, and history of infertility was collected at the woman's first visit to antenatal care, when the woman spends about 1 hour with a midwife for an interview and examination. Maternal height was categorized into short (<154 cm), normal (155-174 cm), and tall (>175 cm). Information about maternal smoking is categorized into nonsmoker (i.e., non-daily smoker), moderate smoker (1-9 cigarettes per day), or heavy smoker (at least 10 cigarettes per day). Information about family situation is categorized into living with infant's father or not. Previous infertility problems are expressed as the number of years of involuntary childlessness. Maternal prepregnancy weight has been routinely recorded since 1992. Thus, prepregnancy body mass index (weight (kg)/height (m) ) was calculated for women who gave birth in 1992 or 1993 and was categorized as follows, according to Institute of Medicine (13) age, mother's country of birth, type of birth (singleton or multiple), infant's sex, and maternal complications during pregnancy was collected when the women were discharged from the hospital. The mother's country of birth was dichotomized into birth within or outside the Nordic countries. The season of the infant's birth was stratified into winter (December through February), spring (March through May), summer (June through August), or fall (September through November).
Complications during pregnancy were classified according to the Swedish version of the International Classification of Diseases, Ninth Revision (ICD-9). The diagnoses are noted by a doctor at the time of discharge from the hospital, using a guide sheet, where the definition of the diagnosis is written in clear text beside the ICD-9 code and a check box. Insulindependent diabetes mellitus type 1 and gestational diabetes were coded as ICD-9 codes 648A and 648G, respectively. Hypertensive diseases were coded as follows: gestational hypertension, ICD-9 codes 642D and 642X; and preeclampsia, ICD-9 codes 642E and 642F. Seven women with the diagnosis eclampsia (ICD-9 code 642G) were excluded from the analyses, yielding a final sample size of 10,659 women.
The accuracy of the diagnoses was examined by one of us (H. S. R.) using a random sampling procedure to review 25 percent of the individual records in which the diagnosis was gestational hypertension or preeclampsia. Using the information in these records, gestational hypertension and preeclampsia were in this evaluation strictly defined according to the criteria proposed by the National High Blood Pressure Education Program Working Group Report on High Blood Pressure in Pregnancy (14) . That is, gestational hypertension was defined as blood pressure of at least 140/90 mmHg, an increase in systolic blood pressure of at least 30 mmHg, or an increase of diastolic blood pressure of at least 15 mmHg (in at least two readings 6 or more hours apart), without proteinuria, occurring after 20 weeks of gestation. Information on normalization of the blood pressure after delivery is not available through the register. Preeclampsia was defined as hypertension accompanied by proteinuria (two urinary protein dip sticks of at least 1+ or 300 mg of protein or more in a 24-hour urine collection). Among 115 pregnancies coded as gestational hypertension, 97 had gestational hypertension according to the notes in the individual records (positive predictive value = 84 percent). Among 148 pregnancies diagnosed with preeclampsia, 137 had preeclampsia according to the individual records (positive predictive value = 93 percent).
The data were modeled through logistic regression (15) using the SAS statistical package (SAS Institute, Rosetal. Inc., Cary, North Carolina). Crude odds ratios and 95 percent confidence intervals were calculated to estimate the effects of individual factors on the risk of gestational hypertension or preeclampsia. Multivariate analyses were performed including those factors that significantly influenced the risk of gestational hypertension or preeclampsia in the univariate analyses. The level of significance was set at p < 0.05.
RESULTS
Among the 10,659 nulliparas, 4.4 percent developed gestational hypertension and 5.2 percent developed preeclampsia. Table 1 shows the distribution of women with gestational hypertension or preeclampsia by maternal sociodemographic, lifestyle, and pregnancy characteristics. Rates of preeclampsia were substantially increased for women with type 1 diabetes (21.3 percent) or gestational diabetes (14.3 percent) and for multiple birth pregnancies (18 percent), while the effects of these factors on rates of gestational hypertension were weaker. Table 2 presents univariate odds ratios for the association between maternal and pregnancy characteristics and risk of gestational hypertension or preeclampsia. Type 1 diabetes, gestational diabetes, and twin birth were significantly associated with increased risk of preeclampsia. Women born outside the Nordic countries, maternal smoking, and summer birth were associated with significantly decreased risks of developing both gestational hypertension and preeclampsia. Maternal age, height, education, history of infertility, and infant's sex did not significantly influence the risk of either gestational hypertension or preeclampsia.
The multiple logistic regression analyses included only variables that significantly (p < 0.05) influenced risks of gestational hypertension or preeclampsia in the univariate analyses presented in table 2 (i.e., smoking habits, mother's place of birth, type of pregnancy, season of birth, type 1 diabetes, and gestational diabetes). As presented in table 3, the adjusted odds ratios were similar to the crude odds ratios; thus, significant increased risks of preeclampsia were observed for multiple births (odds ratio = 4.17), type 1 diabetes (odds ratio = 5.58), and gestational diabetes (odds ratio = 3.11), while the influence of these factors on the risk of gestational hypertension was of a smaller magnitude and nonsignificant. Compared with Nordic women, women born outside the Nordic countries had significantly decreased risks of both gestational hypertension (odds ratio = 0.25) and preeclampsia (odds ratio = 0.60). Compared with winter births, the risk of preeclampsia was significantly reduced among summer births (odds ratio = 0.68).
Information about prepregnancy body mass index was available only for the 2,848 women who gave birth during or after 1992. When the analyses were restricted to these women, the rates of gestational hypertension and preeclampsia consistently increased with increasing prepregnancy body mass index; thus, underweight women (body mass index < 19.8) had incidence rates of gestational hypertension and preeclampsia of 2.3 percent and 3.1 percent, respectively, while the corresponding rates among obese women (body mass index > 29.0) were 10 percent and 12.9 percent, respectively (table 4). The association did not change when the effect of maternal prepregnancy body mass index was estimated through multiple logistic regression (table 4) . Thus, the risks of both gestational hypertension and preeclampsia increased consistently with increasing prepregnancy body mass index, and obese women had odds ratios of 4.85 and 5.19 for gestational hypertension and preeclampsia, respectively. After adjustment was made for prepregnancy body mass index, the directions of the associations between preeclampsia or gestational hypertension and the other studied variables did not change, although a number of the relations became stronger and the widths of the confidence intervals increased (data not shown).
DISCUSSION
The collective evidence regarding the etiology of preeclampsia and gestational hypertension, although limited and largely focusing on the former, suggests similarities in risk factor patterns and is compatible with the hypothesis that these conditions may have common underlying mechanisms. Nevertheless, the findings have been inconsistent, possibly because of differences in disease definition and in parity status of the women studied.
The present study is based on a unique populationbased cohort, and data were collected prospectively during pregnancy. The accuracy of diagnoses registered in the Swedish Medical Birth Register was examined, and the positive predictive values were high. Moreover, the overall incidences of preeclampsia and gestational hypertension in this data set are comparable with those previously reported (1-3, 16, 17) , which also confirm the ensurance of the categorization of hypertensive pregnancies in the Swedish Birth Registry. The incidence of essential hypertension increases with age (18) and, in order to minimize the number of misclassified women with essential hypertension, the study was restricted to women aged 34 years or less. In addition, the study was restricted to nulliparas since the incidence of and risk factors for preeclampsia and gestational hypertension are reported to differ between nulliparous and multiparous women (19) . Within this single, well-defined, population-based cohort of nulliparous women, we have found, with a few exceptions, remarkable similarities in risk factor patterns for preedampsia and gestational hypertension, although the magnitude of the observed associations often differed between the two conditions. Among women with type 1 diabetes or gestational diabetes or in twin pregnancies, the elevation in risk of preedampsia was strong and statistically significant, whereas the increased risk of gestational hypertension was not significant. Increased prepregnancy body mass index was associated with significant, increased risks of both conditions by a similar magnitude, whereas risks were decreased among smokers and among women born outside the Nordic countries. Compared with giving birth in winter, giving birth in summer reduced the risks of preeclampsia and gestational hypertension. Data on several factors previously reported to influence the risk of preeclampsia, such as prepregnancy blood pressure (20) , period of sexual cohabitation before pregnancy (3), maternal physical activity during pregnancy (8) , previous abortions (21), miscarriages (20) , stress (22) , and whether the smokers continued or stopped smoking (7), were not available through the register.
The pathophysiology of hypertension in preeclampsia is unclear, and hemodynamic measurements in preeclamptic women have not been consistent or conclusive (23) . The pathogenesis of preeclampsia involves insufficient trophoblastic invasion (24) (25) (26) , which may arise from immunologic imbalance between maternal and fetal tissues (27) , preserved smooth muscles in the myometrial spiral arteries (25, 28), and impaired perfusion of the placenta. The placenta in turn may excrete an agent affecting the maternal vascular endothelium (29) , platelet function (30) , and/or metabolism (31) (32) (33) . Our findings that multiple birth is an important risk factor for preeclampsia have been reported by others, especially among nulliparous women (34) . The association may be due to the large placental size in multiple birth pregnancies, leading to higher maternal exposure to paternal antigen (27) or impaired placental perfusion (29) .
The pronounced increase in risk of preeclampsia among type 1 diabetics is consistent with that from previous reports (35) (36) (37) and may be due to microvascular changes imparing the placental perfusion. Laboratory data suggest several other possible mechanisms: 1) the lipid metabolism of pregnant diabetics is more altered compared with that of nondiabetics (38) , and both increased lipolytic activity and a high ratio of free fatty acids to albumin in sera have been reported in association with preeclampsia (31, 39); 2) high levels of plasma triglycerides among diabetic women could cause endothelial cells to accumulate triglycerides (31), leading in turn to endothelial dysfunction; and 3) compared with nondiabetics, pregnant diabetics have increased urinary excretion of metabolites of thromboxane that acts as a vasoconstrictor and stimulates platelet aggregation (40) . The potential for confounding by chronic hypertension of the association between type 1 diabetes and preeclampsia has been minimized because, according to the disease classification used in the present study, only women with hypertension occurring after 20 weeks of gestation and normalized blood pressure within 10 days after delivery were included. Our finding that type 1 diabetes is significantly, albeit less strongly, associated with gestational hypertension may reflect a common metabolic component in the pathogenesis of preeclampsia and gestational hypertension.
Gestational diabetes was also an important risk factor for preeclampsia, an association that has been reported in some (41) (42) (43) , but not all (44) , previous studies. Laboratory data have shown a relation between preeclampsia and hyperinsulinemia, and it has been suggested that insulin resistance may play an important role in the pathogenesis of preeclampsia (41, 45, 46) . In normotensive women with gestational diabetes, abnormal endothelial vasodilator function has been reported (47) and may predispose to preeclampsia.
There is no obvious explanation for the observed association in both the present study and in previous reports (20, 48, 49) between increasing prepregnancy body mass index and the risks of gestational hypertension and preeclampsia. Lipid metabolism is influenced by body mass index, and elevated free fatty acids give rise to insulin resistance, possibly through tumor necrosis factor alpha (50), which is expressed to a high extent in fat tissue of obese subjects (51) . Insulin resistance is in turn compensated by hyperinsulinemia, leading to hypertension by vasoconstriction (52) . Tumor necrosis factor alpha in plasma is reported to be significantly higher in preeclamptic women and may also give rise to endothelial dysfunction (53) . It would be of interest to evaluate body fat distribution in association with preeclampsia and gestational hypertension, since persons with a preponderance of abdominal fat deposition tend to be insulin resistant and have several metabolic abnormalities (54) .
The positive relation between smoking and cardiovascular disease is well established (55) , yet smoking has consistently been reported to reduce the risk of preeclampsia (7, 20) and gestational hypertension (7, 56) . Sibai (20) found the lowest incidence of preeclampsia among those who quit smoking at the start of pregnancy, whereas a strong protective effect among women who continued to smoke after 20 weeks of pregnancy has also been reported (7) . Since the association with both conditions is similar and the fact that when preeclampsia occurs in smokers it is associated with higher morbidity and mortality (57) , it is likely that smoking reduces the expression of impaired perfusion of the placenta rather than enhances the placentation. It has been speculated that the prostacyclin/thromboxane balance in smokers would be more advantageous (7), but laboratory data from nonpregnant women show that the urinary excretion of thromboxane metabolites is higher in smokers compared with nonsmokers (58) . Metabolic alterations in smokers are reported, but the results are incongruent concerning insulin resistance (59, 60) , and there is a lack of knowledge about metabolic changes in pregnant smokers.
The strong association between the mother's place of birth and the development of gestational hypertension in the present study may be due to biologic differences in the relation between blood pressure and insulin resistance (61) . Despite the fact that antenatal care is free of charge and translators are available, women born outside Nordic countries might not attend antenatal care to the same extent as the Nordic born. However, the diagnoses of gestational hypertension and preeclampsia are also based on information provided when the woman is admitted to the delivery ward, when blood pressure and proteinuria are routinely recorded. This would ensure complete case ascertainment, regardless of symptoms during the pregnancy. In future investigations, it would be of interest to study subgroups in the non-Nordic-born population as well as second generation immigrants.
In conclusion, the risk factor patterns for preeclampsia and gestational hypertension, evaluated within this single population-based cohort, appear to be similar and differ primarily in the magnitude of the associations, which tend to be stronger for preeclampsia. These findings, in line with previous investigations (7, 8) , may indicate common pathways in the biologic mechanisms underlying the two conditions, and the findings also suggest that weight control may be an important and modifiable factor in the prevention of gestational hypertension and preeclampsia.
